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(54) PLASMA TREATING DEVICE 

(57)Abstract: 

PURPOSE: To reduce the evacuating time after treatment and 
prevent an object to be treated from being damaged or broken by 
providing a means which feeds and discharges a heat transferring 
gas between the object to be treated and an electrostatic chuck in 
a plasma treating device which fills up the surface of a 
semiconductor wafer, etc., with the gas and feeding the gas during 
treatment and discharges the gas after treatment. 
CONSTITUTION: When a signal which switches a direction 
switching valve 160 to a gas feeding passage is outputted from a 
control section 220, a high voltage Is applied across the 
electrostatic attracting sheet 46 of an electrostatic chuck 40 and a 
semiconductor wafer is attracted to and mounted on the sheet 46 
by suction. Then a gas feeding pump 180 is started and a storing 
section 120 is filled up with an He gas and the attracting surface of 

the chuck 40 is filled up with the He gas. Upon completing plasma treatment, the output of an RF 
matching circuit 86 is reduced in steps and an exhaust pump 200 is started so as to discharge the He 
gas to the outside. Before starting the pump 200, the power supply to the chuck 40 and the supply of the 
He gas are stopped. Therefore, no charge is left and no evacuation is required including the filling gas. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **♦* shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] While carrying out adsorption maintenance of the processed objects, such as a semiconductor wafer, by the 
electrostatic chuck prepared on the installation base In plasma treatment equipment equipped with the structure which 
fills up with the gas for heat transfer the rear face of the processed object by which adsorption maintenance is carried 
out It is plasma treatment equipment characterized by establishing the means which carries out the feeding and 
discarding of the gas for heat transfer between a normal-course-of-action processed object and an electrostatic chuck, 
setting this feeding-and-discarding means as an air-supply state during plasma treatment, and being set as an exhaust air 
state after plasma treatment. 

[Claim 2] It is plasma treatment equipment characterized by setting up exhaust air time before the vacuum length 
execution for plasma treatment in plasma treatment equipment according to claim 1, as for the feeding-and-discarding 
means of the gas for heat transfer. 

[Claim 3] It is plasma treatment equipment characterized by being set as an exhaust air state according to the time of 
the feeding-and-discarding means of the gas for heat transfer reducing the output of RF power supply for plasma 
production in plasma treatment equipment according to claim 1 . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the installation base for carrying out fixed maintenance of 
the processed objects, such as a semiconductor wafer by which plasma treatment is carried out, about plasma treatment 
equipment. 
[0002] 

[Description of the Prior Art] It is necessary to make processed objects, such as a semiconductor wafer which has the 
process performed, hold to a position in the semiconductor device manufacture process using a plasma etching system 
etc. as everyone knows. For this reason, when it says for example, by the case where it is the parallel monotonous type 
plasma etching system to which plasma treatment is performed under vacuum atmosphere, a processed object is fixed 
by the electrostatic chuck on the installation base located in the one side of the electrode which counters. 
[0003] This electrostatic chuck makes it the principle to carry out adsorption maintenance of the processed object by 
the Coulomb force which a processed object and an electrode are made to produce positive and negative charge, and 
works in the meantime by giving voltage between the processed objects and electrodes by which opposite arrangement 
was carried out through the insulating layer. 

[0004] And as structure of this kind and an electrostatic chuck, there are some which have arranged the electrostatic 
adsorption sheet between a metal chuck main part and a processed object, for example. An electrostatic adsorption 
sheet makes conductive sheets, such as copper, intervene as polar zone among insulating material, such as a polyimide 
of two sheets, and is constituted. 

[0005] On the other hand, with this kind of equipment, for example in the installation base used for a plasma etching 
system, in order to raise an etching property, a processed object is maintained by predetermined temperature. For this 
reason, the temperature control part for cooling which used liquid nitrogen etc. is built in the installation base, and the 
heat from a temperature control part is transmitted to a processed object through an installation base and an electrostatic 
chuck. 

[0006] However, with such structure, while the adsorption relation between the electrostatic chucks and processed 
objects which are located on an installation base is obtained good, the touch areas of an actual semiconductor wafer and 
an electrostatic insulating adsorption sheet are few in many cases, and a heat transfer property was not able to be 
acquired good. 

[0007] Then, in the former, much openings are formed in the electrostatic adsorption sheet of an electrostatic chuck, 
and being filled up with gases, such as for example, heliimi gas, between a processed object and an electrostatic 
adsorption sheet through this opening is performed. Heat transfer between processed objects can be made to equalize 
by restoration of such a gas. 
[0008] 

[Problem(s) to be Solved by the Invention] However, especially with this seed plasma treatment equipment, when the 
processing interior of a room was returned to ordinary temperature fi-om the superthermal processing state which cools 
an installation base and performs plasma treatment of a processed object, there was a problem like the next. 
[0009] ITiat is, moisture may be mixing gases, such as helium gas with which it fills up between a processed object and 
an electrostatic adsorption sheet, within the tank formed for example, in the source-of-supply side. For this reason, it 
retums to a water component (H2 O) as it is returned to ordinary temperature, although moisture is soUdified all over 
the reservoir section or a path when plasma treatment is performed under the low temperature service, therefore, this 
water component ~ a reservoir circles wall surface _.************., although it is satisfactory, possibility of being 
breathed out by the adsorption side between an electrostatic chuck and a processed object is high Therefore, when 
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breathed out by the adsorption side, it is influenced by existence of the hydroxyl group in a water component (OH-, 
OHH-), and residual charge occurs on an electrostatic chuck front face. Thus, when residual charge occurs by the 
electrostatic chuck, induction of the residual charge will be carried out to an electrostatic chuck also at the processed 
object which is carrying out opposite contact so that naturally. 

[0010] Then, when a processed object takes out, it is needed to make it easy to remove the charge which remains after 
carrying out induction by such residual charge and voltage impression to an electrostatic chuck, and to take out. for this 
reason, the pressure-from-below member used for this seed equipment in the former ~ a ground — discharging 
electricity, when it considers as a member and this pressure-from-below member thrusts up a processed object was 
performed 

[001 1] However, with the above-mentioned structure, when there are many amounts of residual charge, the number of 
times of pressure from below of a processed object increases. Therefore, time becomes this thing by drawing of a 
processed object, and the so-called through top becomes bad. Moreover, apart from this, when the number of times of 
pressure from below increases, there is a possibility of damaging a processed body surface or damaging. Moreover, 
since an unnecessary oxide film is generated by the front face of a semiconductor wafer by existence of a hydroxyl 
group, the result which is not desirable may be caused on the property of a semiconductor wafer by this. 
[0012] On the other hand, when filled up with gases, such as helium gas, while heat transfer between an electrostatic 
chuck and a processed object can be equalized, such a gas may begin to leak to the restoration section shell exterior. 
And when beginning to leak, the water component contained in the gas by generating at the time of an ordinary 
temperature retum may disperse in the plasma treatment interior of a room, or may adhere to a wall surface. 
[0013] Therefore, when carrying out vacuum length of the plasma treatment interior of a room, the restoration gas 
revealed with the water component generated by ordinary temperature retum must be removed, and the time which 
vacuum length takes by this will make it huge. And if removal of a water component is not performed completely, it 
will have a bad influence on the conditions of the plasma treatment performed next. 

[0014] Then, the purpose of this invention is to offer plasma treatment equipment equipped with the structure where 
generating of residual charge can be suppressed and an injury and breakage of a processed object can be prevented 
beforehand while being able to shorten the time which the vacuum length after plasma treatment takes in view of the 
problem in the above-mentioned conventional plasma treatment equipment. 
[0015] 

[Means for Solving the Problem] In order to attain this purpose, invention according to claim 1 While carrying out 
adsorption maintenance of the processed objects, such as a semiconductor wafer, by the electrostatic chuck prepared on 
the installation base In plasma treatment equipment equipped with the structure which fills up with the gas for heat 
transfer the rear face of the processed object by which adsorption maintenance is carried out It is characterized by 
establishing the means which carries out the feeding and discarding of the gas for heat transfer between a normal- 
course-of-action processed object and an electrostatic chuck, setting this feeding-and-discarding means as an air-supply 
state during plasma treatment, and being set as an exhaust air state after plasma treatment. 

[0016] Invention according to claim 2 is cheiracterized by setting up an exhaust air stage before the vacuimi length 
execution for plasma treatment, as for the feeding-and-discarding means of the gas for heat transfer in plasma treatment 
equipment according to claim 1. 

[0017] Invention according to claim 3 is characterized by setting the feeding-and-discarding means of the gas for heat 
transfer as an exhaust air state according to the time of reducing the output of RF power supply for plasma production 
in plasma treatment equipment according to claim 1. 
[0018] 

[Function] In this invention, the feeding-and-discarding means of the gas with which it fills up between an electrostatic 
chuck and a processed object is established. The water component contained in the gas will also be removed by 
exhausting a restoration gas from a processed object rear face after plasma treatment. The removal burden of a 
restoration gas and a water component is mitigated by this in the case of vacuum length. 

[0019] Moreover, in this invention, it is set up in front rather than vacuum length of the vacuum chamber room is 
carried out in the above-mentioned exhaust air start time. It seems that therefore, the time which vacuum length takes is 
not made to turn huge since the water component currently mixed in a restoration gas and this is removed when 
vacuum length of the vacuum chamber interior of a room is carried out. 

[0020] When the output of RF power supply declines, there is a possibility that residual charge may occur on a 
processed object with the moisture contained in the restoration gas. Then, contact on a restoration gas and a processed 
object can be made to avoid by this invention by setting it as an exhaust air state according to the time of reducing the. 
output of RF power supply. 
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[0021] 

[Example] Hereafter, the detail of this invention example is explained in drawing 1 and drawing 2 . 

[0022] Drawing 1 is the cross section showing the whole plasma treatment equipment structure by this invention 

example. 

[0023] The plasma treatment equipment 10 by this example is equipped with the chamber 20 which makes an up 
electrode, the 1st susceptor 30 which makes a lower electrode and the 2nd susceptor 32, and the electrostatic chuck 40 
as main composition. 

[0024] A chamber 20 consists of lower chamber 20B of the shape of a cylinder like object with base currently fixed to 
the lower part of tubed up chamber 20A which opened the lower part wide, and this chamber 20A, and let it be the 
space where vacuum length is possible for the interior, and it is introduced in etching gas. Moreover, lower chamber 
20B is loaded with the heat-insulating element 22 which becomes the interior from the cylinder-like-object-with-base 
object made from ceramics. 

[0025] And inside this heat-insulating element 22, the 1st and the 2nd susceptor 30 and 32 are arranged. 
[0026] The 1st and the 2nd susceptor 30 and 32 are formed by the conductor and thermal conductors by which 
laminating arrangement was carried out up and down, such as aluminum. According to such block construction, the 1st 
susceptor 30 located in an upper part side is exchangeable according to the size of the semiconductor wafer which is a 
processed object. And cooling jacket 32A is formed in the interior at the 2nd susceptor 32, and 50 is cooled through the 
1st susceptor 30 and electrostatic chuck 40 mentioned later by circulating cooling media, such as liquid nitrogen, at this 
cooling jacket 32A at -50 degrees C - about -100 degrees C of semiconductor wafers which are a processed object. 
[0027] On the other hand, in the up front face of the 1st susceptor 30, installation fixation of the electrostatic chuck 40 
is carried out. the hole formed in the focal ring 60 with which this electrostatic chuck 40 is arranged on the upper 
surface of the 1st susceptor 30 ~ it is arranged inside And the electrostatic chuck 40 is constituted by carrying out 
mediation arrangement of the conductive sheets 46, such as copper, among the polyimide sheets 42 and 44 as an 
insulating layer of two upper and lower sides. 

[0028] moreover, three holes penetrated in the thickness direction by the electrostatic chuck 40 — 40A (two are shown 
drawing) is formed and the pusher pin 70 for carrying out installation guidance of the semiconductor wafer 50 is 
inserted in this hole 40A 

[0029] The pusher pin 70 consists of conductive members, is inserted in the breakthrough formed in the electrostatic 
chuck 40 and the 1st, and the 2nd susceptor 30 and 32, and is prepared free [ rise and fall ]. And when it goes up, the 
nose of cam can thrust up, where it projected above the electrostatic chuck 40 and the semiconductor wafer 50 is laid. It 
is fixed to the rise-and-fall plate 72, and soffit 70A of this pusher pin 70 can move up and down in drawing according 
to the variation rate of the rise-and-fall plate 72. In the case of this example, bellows 74 is formed between soffit 70A 
of the pusher pin 70, and lower chamber 20B, and the rise-and-fall path of the pusher pin 70 is constituted by the 
airtight structure to the atmosphere. 

[0030] Moreover, the rise-and-fall plate 72 which moves the pusher pin 70 up and down is connected with the stepping 
motor 76 which makes a driving source, and the tuming effort of a stepping motor 76 can move up and down now, 
after being changed into straight-line driving force through transfer members, such as for example, a ball screw. For 
this reason, to a stepping motor 76, the pulse from the motorised section 78 is inputted and a rotation drive is carried 
out according to this pulse. In addition, this pusher pin 70 is grounded through the rise-and-fall plate 72 connected. And 
as grounding time, in order to take out the semiconductor wafer 50, it is a time of the pusher pin 70 being thrust up, and 
the residual charge of the semiconductor wafer 50 can be discharged by this. 

[003 1] On the other hand, up chamber 20A and lower chamber 20B constitute plasma treatment space by the space 
which can introduce etching gas while vacuum length of the interior is carried out. For this reason, up chamber 20A is 
grounded and the plasma etching system of a RIE method consists of this examples by connecting the power supply 
cable run 84 for supplying RF power from the RF power supply 80 through a switch 82 to the 1st and the 2nd susceptor 
30 and 32. Moreover, by up chamber 20A being grounded, this can be made to serve a double purpose as an electrode 
of another side for electrostatic chucks, and the semiconductor wafer 50 can be grounded through this plasma at the 
time of plasma production. 

[0032] Furthermore, the power supply cable ran 94 for supplying about 2kV direct current voltage from the direct- 
current high voltage power supply 90 through a switch 92 to the conductive sheet 46 is connected to the electrostatic 
chuck 40. Therefore, by supplying the high voltage to the conductive sheet 46, an electrostatic so-called monopole type 
chuck will be constituted, and it becomes possible to carry out adsorption maintenance of the semiconductor wafer 50 
on the electrostatic chuck 40. 

[0033] Moreover, although not illustrated in this example, it is the semiconductor wafer 50 and the position which 
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counters, and it is also possible by arranging to the outside upper part of up chamber 20A possible [ rotation of a 
permanent magnet ], making it rotate this permanent magnet, and forming a magnetic field parallel to the field in it near 
the semiconductor wafer 50 to constitute a magnetron etching system. 

[0034] the 1st susceptor 30 which is, on the other hand, laying the electrostatic chuck 40 which carries out adsorption 
maintenance of the semiconductor wafer 50, and this electrostatic chuck 40 ~ insertion of the push pin 70 — in parallel 
with the hole, two or more gas introduction ways 100 are formed This gas introduction way 100 has opening in the 
electrostatic chuck 40, and is open for free passage in the reservoir section 120 formed in the susceptor 30 interior of 
the 1st. the reservoir section 120 consists of space formed in the direction which crosses the 1st susceptor 30 — having - 
- the periphery ~ a seal ~ a member - it is blocked by 120 A And a path 140 is connected to the reservoir section 120, 
and the direction diverter valve 160 is arranged while being this path 140. Two paths are coimected to the direction 
diverter valve 160, the pump 180 for air supplies is formed in one of these, and the pump 200 for exhaust air is formed 
in another side, respectively. 

[0035] The above-mentioned direction diverter valve 160 and the air-supply pump 180, and the exhaust air pump 200 
have a position of operation controlled by the control section 220 mentioned later. 

[0036] That is, a control section 220 has the principal part constituted by the microcomputer in which operation control 
processing is possible, and RF matching circuit 86 is connected to the input side again at the output side through the 
I/O interface which the direction diverter valve 160 and the air-supply-and-exhaust piraip 180,200 do not illustrate, 
respectively as a thing related to this example. 
[0037] The next processing is performed in a control section 220. 

[0038] That is, helium gas which is a restoration gas needs to be removed at the time of the vacuum length in a 
chamber 20, and drawing of the semiconductor wafer 50. This is for preventing remaining to the adsorption side of the 
semiconductor wafer 50 while preventing that the water component (H2 O) contained in helium gas disperses inside a 
chamber 20 from the electrostatic chuck 40. 

[0039] Therefore, in a control section 220, the time of the direction diverter valve 160 and the air-supply-and-exhaust 
pump 180,200 of operation is set up based on the timing chart shown in drawing 2 . 

[0040] In drawin g 2 , if it explains by the case where vacuum length of the inside of a chamber 20 is carried out, in this 
case, generation of plasma will be set as a idle state. It is made to fall gradually at this time as the output of RF power 
supply is set as 80W from 800W and is not further outputted after fixed time progress. And the direction diverter valve 
160 is switched to the path of an exhaust side at the same time the gradual reduction state of such an RF output is set 
up, and the exhaust air pump 200 is operated. Therefore, helium gas with which it was filled in the gas induction 100 
and the reservoir section 120 is exhausted outside with the exhaust air pump 200. Exhaust air of such helium gas is 
continued until it shifts to the next processing. 

[0041] In addition, the reason for performing gradually loss of power of the above-mentioned RF power supply 80 is 
for performing electric discharge of a semiconductor wafer in order to stop the temperature up of a semiconductor 
wafer. That is, since the heat carrier for cooling to the so-called semiconductor wafer 50 stops existing when helium 
gas is exhausted, the unnecessary temperature rise of the semiconductor wafer 50 can be prevented by weakening 
generation of plasma according to this. And the time when it is chosen in 20-120W at, and this output is continued in 
general as a middle-output value is set as about 4 seconds. 

[0042] Furthermore, when RF power is stopped momentarily, plasma with the function to which a charge is moved 

between the electrostatic chuck 40 and a ground lateral electrode is lost, and adsorption maintenance of the 

semiconductor wafer 50 on the electrostatic chuck 40 becomes unstable. Then, the charge which remains on the 

semiconductor wafer 50 by the fall of gradual RF output as does not change the semiconductor wafer 50 side into a 

float state while stabilizing adsorption maintenance of the semiconductor wafer 50 is discharged. 

[0043] In addition, an energization halt to the electrostatic chuck 40 is set up slightly earlier than the time of fixed time 

continuation of the middle-reduction of RF output being carried out. The evacuation in a chamber 20 is started at a 

stage slightly later than the time of fixed time continuation of the middle-reduction of RF output being carried out, and 

the pressure from below of the semiconductor wafer 50 by the pusher pin 70 is started further later than the evacuation 

start time in a chamber 20. 

[0044] An operation is explained below. 

[0045] When making the semiconductor wafer 50 stick to the electrostatic chuck 40, first, the pusher pin 70 is thrust up 
and the semiconductor wafer 50 is laid on it. And the semiconductor wafer 50 is laid on the electrostatic chuck 40 
because the pusher pin 70 descends. In advance of installation of the semiconductor wafer 50, the high voltage from 
DC power supply 90 is supplied to the electrostatic adsorption sheet 46 of the electrostatic chuck 40 by switching on 
[ 92 ]. Therefore, the electrostatic chuck 40 and the semiconductor wafer 50 are adsorbed by the Coulomb force. 
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Moreover, in advance of the time of the semiconductor wafer 50 adsorbing, the signal for switching the direction 
diverter valve 160 to an air-supply side path is outputted by the control section 130. When a switch of the direction 
diverter valve 160 is furthermore completed, a control section 130 outputs the driving signal for operating the air- 
supply pump 180. Therefore, since the reservoir section 120 is filled with helium gas, the adsorption side of the 
electrostatic chuck 40 will be filled up with helium gas through the gas introduction way 100. 
[0046] On the other hand, as explained in drawing 2 , when plasma treatment is performed and the process is 
completed, RF output is reduced gradually. This reduction value is performed by impedance setup in RF matching 
circuit 86. And at this time, while the signal for switching the direction diverter valve 160 to an exhaust side path in a 
control section 130 is outputted, the signal for operating the exhaust air pump 200 is outputted. Therefore, helium gas it 
is [ gas ] full of the electrostatic chuck 40 all over the other path is exhausted outside with the exhaust air pump 200 
from the reservoir section 120 and this position. 

[0047] On the other hand, from the stage where RF output was reduced, the energization to the electrostatic chuck 40 is 
stopped at a last stage rather than it shifts to an output halt completely. Since helium gas is not supplied to the 
adsorption side of the electrostatic chuck 40 when the energization to the electrostatic chuck 40 is stopped, generating 
of the residual charge from which the moisture contained in the gas results does not take place. Moreover, since supply 
of helium gas to an adsorption side is not performed, exsorption ****** does not have helium gas containing moisture 
into a chamber 20, either. 

[0048] In addition, although aimed at the structure of setting up the passage of the gas of a path, using the direction 
diverter valve 160 as feeding-and-discarding structure of helium gas over the reservoir section 120, in this example, it 
does not restrict to such structure in this invention. For example, it is also possible to branch the path which is open for 
free passage in the reservoir section 120 without using a direction diverter valve, to arrange an air-supply pump and an 
exhaust air pump to each path, respectively, to set up the position of each [ these ] pump of operation, and to perform 
air supply and exhaust. 

[0049] Moreover, deformation implementation various in the range which is not limited to the above-mentioned 

example and does not deviate from the summary of this invention is possible for this invention. 

[0050] For example, it is possible to apply to various plasma treatment equipments, such as equipment, for example, 

plasma CVD equipment, spatter deposition equipment, etc., of the others which supply cooling gases, such as helium 

gas, for this invention between a processed object and an electrostatic chuck using an electrostatic monopole type 

chuck, and perform heat transfer. 

[0051] 

[Effect of the Invention] According to this invention, it has the structure which exhausts the gas with which the 
adsorption side of an electrostatic chuck is filled up as mentioned above. The restoration gas containing moisture is not 
breathed out by this to an adsorption side, and does not disperse inside a chamber from an adsorption side by it. 
Therefore, since it is not necessary to perform vacuum length including the restoration gas, it becomes possible to 
shorten the time which vacuum length takes. 

[0052] Moreover, since moisture is not made to disperse or adhere to the interior of an adsorption side or a chamber, 
residual charge does not occur on the processed object by which the adsorption side is adsorbed. Therefore, since 
electric discharge of a processed object is not needed, it becomes possible to prevent the injury and breakage of a 
processed object by pressure-from-below operation. 

[0053] Furthermore, since vacuum length of the process processing interior of a room in the state where the restoration 
gas does not exist can be performed, change of the process conditions by remains of moisture can also be prevented. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing. 1] It is the cross section showing the important section of the plasma treatment equipment by this invention 
example. 

[ Draw ing 2] It is a timing chart for explaining operation of the control section shown in drawin g 1 . 

[Description of Notations] 

10 Plasma Treatment Equipment 

20 Chamber 

30 1st Susceptor 

32 2nd Susceptor 

40 Electrostatic Chuck 

46 Conductive Sheet 

50 Semiconductor Wafer Which Forms Processed Object 

100 Gas Introduction Way 

130 Control Section 

140 Path of Restoration Gas 

160 Direction Diverter Valve 

1 80 Air-Supply Pump 

200 Exhaust Air Pump 
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